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Abstract 
 
The paper aimed to present the effects of the three tillage systems: conventional systems, minimum tillage and 
no-tillage on soil properties and on the production of the main crops obtained in the last 50 years at the University of 
Agricultural Sciences and Veterinary Medicine of Cluj-Napoca. The research aimed at developing optimal variants of 
tillage and the potentiation of the relationship high productivity - conservation. The results confirm that conservative 
tillage systems (minimum tillage and no-tillage) are constituted in an alternative solution for the future. Agricultural 
technologies researched modify physical, chemical and biological properties of soil, depending on the intensity of the 
system. The influence of variants of conservative tillage systems on the physical, chemical and biological properties 
have been analyzed, settling their advantages and disadvantages on soil types representative in Transylvania. In this 
hilly area, soil tillage systems are determined by the slope, soil characteristics, degree of erosion and cultivated plants. 
Keywords:  minimum tillage, no-tillage, soil conservation, crop production 
 
 
1. Introduction 
 
Conservative soil tillage systems are a way to 
combine profitable agricultural production with 
environmental concerns and sustainability and it has 
been proven to work in a variety of agroecological 
zones and farming systems. These components of 
conservation agriculture involve trying to make 
equal or close productivity to conventional 
agriculture, energy efficient and economical 
optimized, while reducing the environmental 
impact. 
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In Romania, conservation agriculture is 
applied to approx. 10% of arable lands and includes 
a range of complementary agricultural practices [10, 
13, 11, 2, 9]: (i) minimum soil tillage (through a 
system of reduced tillage or no-tillage) to preserve 
the structure, fauna and soil organic matter; (ii) 
permanent soil cover (cover crops, residues and 
mulches) to protect the soil and help to remove and 
control weeds; (iii) various combinations and 
rotations of the crops which stimulate the micro-
organisms in the soil and controls pests, weeds and 
plant diseases. 
Motivations for practicing conservation 
agriculture are [1, 5, 8, 7]: agrotechnical (combating 
drought and soil erosion control), economical 
(efficiency), environmental protection (soil 
greening) and of compatibility with the Common 
Agricultural Policy (GAEC 1, Measure 214 - Agri-
environment payments, green crops). In the current 
system of agriculture, 50-60% of the water from 
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rainfall is lost directly through evaporation during 
one year - therefore agro-phyto-technical water 
conservation measures are imposed.  
These can be accomplished by conservative 
tillage based on soil protection works and its tillage 
so that crop residues remains on the surface, 
providing "the right of the soil for vegetation". 
Scientific criteria for the extension of soil 
conservative tillage (minimum tillage and no-
tillage) are considered the 10 benefits obtained 
through their application [14, 15, 4, 3, 16]: time 
with soil tillage is reduced by 2-4 times; fuel 
consumption per unit area is reduced by 30-50%; 
number of agricultural machinery per unit area is 
lower; soil structure recovers and surface and depth 
compaction decreases; soil organic matter content 
increases; soil permeability for water grows and soil 
overall drainage improves; soil erosion decreases; 
crop residues left on the soil surface or incorporated 
at 10-15 cm depth (where biological activity is the 
greatest) contribute to increased soil fauna and flora; 
maintains groundwater and surface water quality 
(nutrients and pesticides applied are no longer 
washed by erosion, and increased biological activity 
- associated with soil organic matter - uses and 
decompose this nutrients and pesticides); maintains 
air quality by reducing emissions that result from 
burning fossil fuels (diesel) used by traffic on the 
land and reducing carbon released into the 
atmosphere by soil respiration (being fixed by 
increasing soil organic matter). 
Requirements of transition to conservation 
agriculture system are as follows [6, 12]: farmers 
must make an initial investment in specialized 
equipment; farmers need thorough training and 
access to specialized counseling services; compared 
with the conventional agriculture it is necessary to 
apply a fundamental change in the approach 
(difficult separation of plow); normally, there is a 
need for a transitional period of 5-7 years in order 
that conservative farming system to equilibrate; 
productivity may be lower in the early years, and the 
attack of diseases, pests and weeds higher. 
Our research follow the effects of the three 
tillage systems: conventional systems, minimum 
tillage and no-tillage on soil properties and on the  
 
production of the main crops obtained in research in 
the last 50 years to University of Agricultural 
Sciences and Veterinary Medicine Cluj-Napoca 
(USAMV Cluj-Napoca). 
 
2. Material and Method  
 
The results presented in this paper are 
obtained in the last 50 years through research at the 
USAMV Cluj-Napoca, Research Center for 
Sustainable Agricultural Systems and Minimum 
Technologies (from 2004).  
Used determinations and methods are: bulk 
density - Cylinders method using cylinders of 100 
cm3 (B.D., g/cm3); humus (H., %) detemination - 
Walkley-Black method; hydro macrostructural 
stability - Czeratzki method (H.S., %), temperature 
using Aquaterr MT300, soil respiration using ACE 
Automated Soil CO2 Exchange System, 
agrochemical specific methods done in agrotechnics 
and soil science labs. The analyses and 
determinations were done according to acting 
methodology and standards [17, 19]. The results of 
the annual determinations were statistically analysed 
by ANOVA and Duncan’s test [18]. A significance 
level of P ≤ 0.05 was established a priori.  
The experimental variants were as follows: A. 
Conventional system (CS): V1 – classic plow + disk 
–2x, B. Minimun tillage (MT): V2 – paraplow + 
rotary harrow, V3 – chisel + rotary harrow, V4 – 
rotary harrow. C. No-Tillage (NT): V5 – direct 
sowing. 
The experimental variants were applied in a 
4-year rotation: maize - soybean - winter wheat - 
potato (sugar beet, oilseed rape, beans).  
Experiments were located according to the 
method of subdivided parcels with the minimum 
experimental plot size of 300 m2. From climatic 
point of view the hilly area in which the 
experiments took place, is characterized by values 
between 500-613 mm average annual rainfall. The 
thermal regime of the area is characterized by 
average annual temperatures ranging from 8.2 to 
8.8°C.  
The soils on which the researches have been 
conducted are shown in Table 1.  
 
Table 1. Characteristics of soils (Ap horizon) on which experiments were conducted 
Soil type Clay content, % Humus content, % H.S., % pH A.a.r., mm A.a.t, 0C 
Chernozem Cambic 43.1 3.52 78 6.73 500 8.8 
Phaeoziom Argic 43.2 3.92 76 6.71 500 8.8 
Preluvosoil Vertic 42.0 2.49 65 6.06 613 8.2 
Aluviosoil Molic 46.6 3.01 71 7.25 613 8.2 
 H.S. - the degree of hydrostability of the structure; A.a.r. - average annual rainfall; A.a.t. - average annual temperatures. 
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3. Results and Discussions 
 
At USAMV Cluj-Napoca the concern for 
reducing the number of tillage are old, as follows:  
- between 1963-1966, S. Cernea, V. Tarau 
experimented the plowed-seeded system on big 
strips of 15-30 cm on an argillic brown soil for 
maize; 
- between 1969-1970, I. Florescu et al. 
recommended on the basis of the experiments 
conducted on a brown luvic soil in winter wheat, 
periodic replacement of plowing with disk and 
combiner; 
- between 1968-1976, V. G. Velican and V. 
Sârb tracked in organized experiences, the influence 
of replacing plowing with the disk and direct sowing 
using a combined machine (tilling at 10-12 cm soil 
depth) on a luvic brown soil in straw cereals grown 
after hoeing crops; 
- between 1980-1985, P. M. Sebök, P. Guş, 
Al. Meşter, through experiences organized on a 
molic argillic-brown soil, aim at developing new 
technologies based on periodic replacement of 
plowing, seeding and shaping,with direct sowing 
with a complex machine; 
- between 1986-1995, P. Guş, Al. Meşter, I. 
Bogdan, through research conducted in the 
experimental polygon of Apahida, jud. Cluj, on an 
argillic-vertic sloping chernozem soil, established a 
good perspective of variants based on minimum 
tillage systems with GDG 2.7, PFRB (paraplow), 
chisel and billon cultures and propose the extension, 
following the results, of new technologies timely in 
hilly areas; 
- between 1996-2014, P. Guş, T. Rusu, I. 
Bogdan, carried out complex research in the field of 
soil tillage systems at USAMV Cluj-Napoca, on 
specific soil hilly areas of Transylvania; some of the 
results are presented in this paper. 
Soil tillage primarily determines changes in 
physical properties that still influence chemical and 
biological characteristics of the soil. Excessive 
tillage of soil and orientation of bioaccumulation 
processes in the sense of humifiable direction like 
intense mineralization and decrease of humus 
content, creates an artificial structure unstable and 
gradually leads to the dusting and graying of the 
ground. As a result the ratio of the solid phase and 
the porous space modifies and consequently also the 
soil thermal regime. 
The tillage system through specific 
technological processes influences differentiated, 
primarily the physical attributes then the chemical 
and biological properties of soil. Thus, by replacing 
the plowing with paraplow, chisel and rotary 
harrow, the intensity of loosening of the arable layer 
of soil and it’s amplitude range of aeration during 
the agricultural year is reduced significantly, 
influencing the evolution characteristics of the soil.  
Naturally, the soil and the plants covering it 
make up the unit: soil feeds plant and plant feeds 
soil. The soil tillage system influences the processes 
of transformation of organic matter through their 
positioning, amount and ratio between humification 
- mineralization.  
Tests carried out shows on all types of soil an 
increased content of humus with 0.8 to 22.1% by 
applying minimum tillage systems (Table 2). 
Statistical processing of the data shows significant 
positive values on the vertic preluvosoil for the 
variants made with paraplow and chisel and on the 
argic faeoziom - for the variants made using 
paraplow + rotary harrow. Comparing multiple 
variants highlights the advantages of using the 
paraplow (b) on the argic faeoziom, chisel on the 
vertic preluvosoil (b) and rotary harrow on the molic 
aluviosoil (b). From the data analysis is established 
an increasing significance as the minimum tillage is 
applied on soils with medium fertility.  
Preservation of a stable biostructure and soil 
fertility starts at ensuring a minimum threshold of 
humus. 
 
Table 2. Influence of tillage systems on the content of humus (H., %; 0-30 cm) 
Soil Soil tillage systems Plough Paraplow  Chisel  Rotary harrow 
Chernozem 
Cambic  
Humus, % 3.51 a 3.54 a 3.87 a 3.61 a 
Semnification (%) C.(100) ins(100.8) ins(110.2) ins(102.8) 
Faeoziom Argic  
Humus, % 3.90 a 4.13 b 3.93 ab 3.98 ab 
Semnification (%) C.(100) *(106.0) ins(100.9) ins(102.2) 
Preluvosoil Vertic  
Humus, % 2.48 a 2.94 ab 3.02 b 2.82 ab 
Semnification (%) C.(100) *(118.6) *(122.1) ins(113.9) 
Aluviosoil Molic  
Humus, % 3.03 a 3.12 ab 3.09 ab 3.23 b 
Semnification (%) C.(100) ins(103.1) ins(102.0) ins(106.5) 
c. - control; ins - insignificant; * - significantly positive; a, ab, b, c - Duncan’s classification (the same letter within a row indicates 
that the means are not significantly different). 
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The content of hydro-stable macro-aggregates 
increases in all versions where the minimum tillage 
system was used, from 1.3 to 13.6% on 0-30 cm 
depth compared to the classical system (Table 3).  
In the case of hydro stability of the structure 
of the soil, as for the content of humus, the 
statistical processing of the data show an increase in 
the positive significance of the use of minimum 
tillage system as originally the hydro stability of the 
macro aggregates was initially smaller, the effect 
being of conservation on the characteristics of the 
soil as well as restoring them.  
Through the analysis and classification of 
multiple variants compared to the version worked 
with plow (a), it shows that all variants with 
minimum tillage are superior (ab, b, c), with 
positive influence on the hydro-stability of soil’s 
structure. 
 
Table 3. Influence of tillage systems on the content of hydro-stable macro-aggregates (H.S., %; 0-30 cm) 
Soil Soil tillage systems Plough Paraplow  Chisel  Rotary harrow 
Chernozem Cambic 
H.S., % 74.33 a 79.00 b 78.67 ab 80.33 b 
Semnification (%) C. (100) * (106.3) ins(105.8) * (108.1) 
Faeoziom Argic 
H.S., % 80.00 a 82.33 b 81.00 ab 81.67 ab 
Semnification (%) C. (100) * (102.9) ins(101.3) ins(102.1) 
Preluvosoil Vertic 
H.S., % 63.67 a 68.33 b 66.67 ab 72.33 c 
Semnification (%) C. (100) * (107.3) *(104.7) **(113.6) 
Aluviosoil Molic 
H.S., % 71.33 a 76.00 b 75.33 b 76.33 b 
Semnification (%) C. (100) * (106.5) *(105.6) *(107.0) 
 
 Minimum tillage systems and replacing the 
plowing with paraplow, chisel and rotary harrow, 
reduces the intensity of loosening of the arable 
layers of soil.  Bulk density values (annual average), 
on the depth of 0-50 cm (Table 4),  
increase from 0 to 4.7% for minimum tillage systems, 
the increase being not significant in any of the 
experimental variants and multiple comparison and 
classification of the experimental variants orders all 
values on the same level of significance (a). 
Table 4. The effect of soil tillage system on the bulk density (B.D., g/cm3, 0-50 cm) 
Soil Soil tillage systems Plough Paraplow  Chisel  Rotary harrow 
Chernozem Cambic 
B.D., g/cm3 1.32 a 1.38 a 1.37 a 1.36 a 
Signification (%) wt.(100) ins(104.7) ins(103.9) ins(103.3) 
Faeoziom Argic 
B.D., g/cm3 1.22 a 1.23 a 1.25 a 1.22 a 
Signification (%) wt..(100) ins(100.8) ins(101.9) ins(100.0) 
Preluvosoil Vertic 
B.D., g/cm3 1.32 a 1.35 a 1.34 a 1.35 a 
Signification (%) wt. (100) ins(102.4) ins(101.7) ins(102.4) 
Aluviosoil Molic 
B.D., g/cm3 1.34 a 1.34 a 1.35 a 1.34 a 
Signification (%) wt..(100) ins(100.0) ins(100.6) ins(100.0) 
 
Water reserves accumulated in the soil is one 
of the most important indicators of soil quality and 
the influence of tillage on water conservation in soil. 
The water reserve accumulated on the whole crop 
rotation period is different depending on the 
practiced tillage system, but the differences are also 
based on the culture and especially the type of soil. 
Thus, on structured soils, such as cambic chernozem 
and molic aluviosoil, water supply is higher by 
applying minimal tillage systems, respectively 100-
106% for the variants with paraplow and chisel 
(Table 5). Recorded values are lower for the vertic 
preluvosoil in all the variants (differences being 
statistically ensured) and also in the variants where 
rotary harrow was used on the all soil types. We 
may conclude that increasing the supply of water 
accumulated in time can only be provided when the 
system is applied to help restore soil structure, 
improving overall soil drainage, including directly 
related to the presence and quantity of crop residues. 
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Table 5. The effect of soil tillage system on the water supply accumulated in soil (W., m3/ha; 0-50 cm) 
Soil 
Soil tillage 
systems 
Plough Paraplow  Chisel  Rotary harrow 
Chernozem Cambic 
W., m3/ha 936 a 1.051 b 1.047 b 1.039 b 
Signification (%) wt.(100) *(112.3) *(111.9) *(111.0) 
Faeoziom Argic 
W., m3/ha 842 a 882 b 875 a 859 a 
Signification (%) wt..(100) *(104.8) ins(103.9) ins(102.0) 
Preluvosoil Vertic 
W., m3/ha 850 a 901 b 870 a 859 a 
Signification (%) wt. (100) *(106.0) ins(102.3) ins(101.0) 
Aluviosoil Molic 
W., m3/ha 878 a 1.010 c 998 b 987 b 
Signification (%) wt..(100) *(115.0) *(113.7) *(112.4) 
 
Soil temperature increases in all variants 
with minimum tillage and no-tillage with 
differences insured statistically, at wheat crop 
(Table 6). The differences are recorded especially 
in the first 15 cm, where the no-tillage recorded 
lower thermal amplitude compared with minimum 
tillage and conventional system. Soil respiration 
(Table 7) varies throughout the year for all three 
crops of rotation, with a maximum in late spring 
(1383 to 2480 mmoli m-2s-1) and another in fall 
(2141 to 2350 mmoli m-2s-1). The determinations 
confirm the effect of soil tillage system on soil 
respiration; the daily average is lower at no-tillage 
(315-1914 mmoli m-2s-1), followed by minimum 
tillage (318-2395 mmoli m-2s-1) and is higher in the 
conventional system (321-2480 mmol m-2s-1). 
 
Table 6. Influence Soil Tillage Systems on Soil Temperature (°C), 0-50 cm Depth 
Soil tillage systems Wheat Maize Soya-bean 
Plough 17.3ws 23.2ws 22.2ws 
Paraplow 19.3* 23.5ins 22.5ins 
Chisel 18.9ins 23.4ins 22.5ins 
Rotary harrow 19.4* 23.9ins 22.3ins 
Direct sowing 19.5* 23.9ins 22.6ins 
 
Table 7. The Influence of Soil Tillage Systems upon Soil Respiration (mmmoli, m-2s-1) 
Culture Soil tillage systems Plough  Paraplow Chisel Rotary harrow Direct sowing 
Wheat 
Spring 721 714 708 641 532 
5-6 leaves 321 320 321 318 315 
Bean forming 1531 1460 1414 1408 1383 
Harvest 2114 2111 2070 1942 1914 
Maize 
  
 
Spring 1014 1010 1010 982 914 
5-6 leaves 1580 1523 1541 1512 1510 
Bean forming 2340 2308 2312 2252 2218 
Harvest 2250 2242 2221 2208 2141 
Soy-bean 
Spring 1140 1140 1129 1092 1042 
5-6 leaves 1620 1615 1612 1580 1550 
Bean forming 2480 2395 2382 2350 2320 
Harvest 2350 2314 2318 2270 2183 
 
The soil tillage system affects productivity 
elements of the cultivated species and ultimately the 
obtained yields. The crops  from the rotation responded 
differently to the application of minimal tillage systems 
(Table 8). For the cultures of wheat and maize, the 
conventional system has ensured productions of 3451-
5680 kg / ha, respectively 4860-6327 kg / ha, the 
minimum tillage systems ensuring 92-100% relative 
production and for the barley production the results were 
 
 
 
equal to the conventional system.  
For the soybean crop, production in the 
conventional tillage system was between 1970-3227 
kg / ha, the minimum systems providing 94-111%, 
differentiation depending on soil type.  
The lowest productions by applying minimum 
tillage systems were determined for oilseed rape 
(95-98%), sugar beet (98-99%), beans (88-95%) and 
potato (82-93%). 
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Table 8.  Influence of the soil tillage systems on the obtained yields (kg/ha and %) 
Soil Crop Plough Paraplow  Chisel  
Rotary harrow / 
no-tillage* 
Chernozem Cambic 
Wheat 
Maize 
Soybean 
Beans 
Sugar beet 
4608 / 100 
6327 / 100 
3227 / 100 
1237 / 100 
38250 / 100 
4588 / 100 
6322 / 100 
3247 / 101 
1120 / 91 
37540 / 98 
4479 / 97 
6196 / 98 
3198 / 99 
1090 / 88 
37200 / 98 
4488 / 97 
6121 / 97 
3024 / 94 
1170 / 95 
37820 / 99 
Faeoziom Argic 
Wheat 
Barley 
Maize 
Soybean 
5680 / 100 
3780 / 100 
5240 / 100 
1970 / 100 
5410 / 95 
3780 / 100 
5000 / 95 
2100 / 107 
5240 / 92 
3770 / 100 
4870 / 93 
1870 / 95 
5568 / 98 
3767 / 99 
4950 / 94 
2190 / 111 
Preluvosoil Vertic 
Wheat 
Maize 
Soybean 
3730 / 100 
4860 / 100 
3025 / 100 
3615 / 97 
4730 / 97 
3385 / 112 
3486 / 93 
4710 / 97 
3113 / 103 
3612 / 97* 
4583 / 94 
3313 / 109 
Aluviosoil Molic 
Wheat 
Maize 
Soybean 
Potato 
Oilseed rape 
3451 / 100 
5857 / 100 
2848 / 100 
39428 / 100 
1588 / 100 
3387 / 98 
5737 / 98 
2867 / 101 
36853 / 93 
1532 / 96 
3391 / 98 
5704 / 97 
2860 / 100 
36317 / 92 
1552 / 98 
3282 / 95 
5395 / 92 
2747 / 96 
32521 / 82 
1505 / 95 
 
4. Conclusions                                                                                                                    
  
USAMV Cluj research emphasize the 
important role of tillage in improving other applied 
agro-technical measures. Thus, it can be stated that 
the economic application of basic energy inputs and 
the correct number of soil tillage have therefore a 
role in optimizating the results by reducing energy 
inputs and the potential for erosion. Soil tillage 
remain as a key technology component, regarding 
the reduction on energy inputs, knowing that soil 
preparation require 35-65% of all energy consumed 
in a culture technology. Development of new tillage 
systems must also contribute to soil conservation 
and environmental protection. 
The tillage system through specific 
technological processes of soil work influences the 
content of humus, the physical attributes, the 
chemical and biological properties of soil. The use 
of minumum tillage systems determine an increase 
in the content of humus with 0.8 to 22.1% with 
significant positive values on the vertic preluvosoil 
for the variants made with paraplow and chisel and 
also on the argic faeoziom - for the variants made 
using paraplow. The content of hydro-stable macro-
aggregates increases in all versions where the 
minimum tillage system was used, from 1.3 to 
13.6% on 0-30 cm depth compared to the classical 
system. Both in the case of humus content and soil’s 
hydro-stability structure, statistical data processing 
show increasing positive significance by application 
of minimum tillage systems as soil fertility and 
hydro-stability of macro aggregates was initially 
lower, the effect being both for conservation of soil 
characteristics as well as for restoring them with 
positive influence on soil’s permeability and the 
water stored in the ground as water reserve. Tillage 
appeared to affect the timing rather than the total 
amount of CO2 production: the daily average is 
lower at no-tillage (315-1914 mmol m-2s-1), 
followed by minimum tillage (318-2395 mmol m-2s-
1) and is higher in the conventional system (321-
2480 mmol m-2s-1). An exceeding amount of CO2 
produced in the soil and released into the 
atmosphere, resulting from aerobic processes of 
mineralization of organic matter (excessive 
loosening) is considered to be not only a way of 
increasing the CO2 in the atmosphere, but also a loss 
of long-term soil fertility.Yields obtained by 
applying minimum tillage systems show that results 
can be achieved differentiated, the choosing of the 
best tillage variant in relation to the crop being 
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decisive. Thus, compared with the conventional 
tillage system, the yields obtained for minimum 
tillage were: 92-100% for maize, 94-111% for 
soybean, 92-100% for wheat, 88-93% for potato and 
95-98% for oilseed rape.      
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